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Sum rv01,1f. A mo(lifie(l )rocedlure is presente(d for the bioassay of aulxin lusilng
-Iv'eno coleoptile segments. The modifications introduicedl restult in a substantial im-
provement of the commonly uised( coleoptile elongatioil tests.

The proposed test retains the simplicity of physical reqillremeints and of manipula-
tioIn characteristic of all elongatioln tests. The maiin featuire of the proposed test is
that it permits the measurement of the elongationi of coleoptile segments as being di-
rectly proportionial to the conicenitratioin rather thain to the logarithm of the concenitration
of indoleacetic aci(l. WN-ith an accuracy andl a range comparable to those of the
staindard Avcnoa curvature test, the proposed bioassay overcomes the limitations for the
quantitative assessment of aulxin inhereint in other coleoptile eloingatioin tests. AIn addi-
tional advantage is prov(ided by the present
coleoptile can 1)e ultilized thuis donbl)ling the
gTiVen nutmmber of coleoptiles.

The number of mo(lifications (1,5, 6, 7, 9) pro-
pose(d for the original A4rena coleoptile straight
growth test for aulxin (3) is a good indicatioin of
its usefnlness, but it also reflects its inadequacy.

The geineral acceptaince (2, 8,11, 12, 1 1 ) of the
coleoptile straight growth test method in its varied
forms stemiis from the advantageouis featuLres which
it offers oxver the classical standard A.veuia curvature
test (16) anid( the deseededl AviiCa test (14) meth-
o(ls. These advantages are: simplicity- of physical
requiiremienits, ease of maniipulationl, and(I width of
rainge in which the growth of the coleoptile segmeints
is proportional to the logarithm of the conceintration
of aulxini assay-ed. Ftirthermore, the sensitivity of
responise to indoleacetic acid (JAA) of some straight
growth tests is comparable ti (7, 9, 10) or even
greater than1 (8, 10) that of the stan(lar(d Avenat
cUrvature test (16).

All the straight growth tests, however, have
seriouis limitatioins for analytical work because they
lack 1)oth accuracy andl specificity. (A forthcoming
report of the seconid phase of the presenit investiga-
tion will (leal with the specificity of the straight
grox-th test method). The lack of accuracv of the
straight grow-th tests as compared to that of the
cturvature test mtust be ascribed to either the measure-
Imleint of the coleoptile respoinse or to the inatuire of
the respotnse itself, which suiggests sotme ph\ io-
logical problems. A wicide dlivergence of tissuie tal-
eraince to 1AA application exists betxweenI the 2 assay

Contribution No. 517, Plant Rescaricl Iinstittite.

procecldure: two 5 mm segments from eaclh
number of assays hitherto p )ssilble wxith a

metho(ds. In the straight growth test, the colc'optile
withstands and responds positively to concentrations
of IAA higher than 2.0 mg/liter (8, 10) whereas
in the cuirvature test the same tissuie is limited in its
response to concentrations lower than 100 pg/liter
(17). Even if the differences in testing condlitions
between the 2 methods coutld possibly accouint for
the difference in the tissuie tolerance to IAA, it caIn
hardly explaii xvhy cell elongatioi, xvhen measuired
by 1 method, responds liniearly to IAA concentra-
tion, whereas by the other it responds linearly to the
logarithm of the concentratioin of IAA assayed. If
the 2 metho(ds of assay for IAA are measuirinig the
same process it is logical to expect its measuirement
to be made on the same scale. The sttudy of this
problem over a period of years has led to the devel-
opment of a straight growrth test method w,here cell
elongation is proportional to the concentration of
IAA rather than to the logarithm of the concentra-
tionl. The proportionality betwxeen cell elongationi
aindl IAA concentration necessarily restricts the
range of the test to that of the standar(d Avena
curxvature test; this limitation however is of little
consequtience when compared to the increase(d ac-
curacy xvhich resuilts from it.

Materials and Methods

Tlhroughouit this xvork, see(ds of the huilless oat
cv. Brighton were uitilizedl. SeedIs of uiniform size
xere suirface sterilizedI for ; minuites in a 2 %
(x vR) (INa hy-pochlorite soluition, rinse(d in running
tap xvater for 1 houir, and soaked in distilled xvater
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for an ac'ditional 2 houirs. They were theni placed
at a 450 angle to the vertical, with the embryo down,
on a 2-ply tissuie paper supported by glass rods fixed
at half an inch from the bottom of a plastic tray
containiing distilled water. The trays were kept in
the dark room at 240 for 20 houirs at 30 cm from
a red light soutrce suipplied by two 15 wx Sylvania
Groluix flulorescent tuibes wrapped in 2 layers of
No. 14 Cinemoid filter (Strand Electric Company,
Torointo), to eliminate radiation of wavelengths
shorter thani 580 mpt. The seeds were then trans-
ferred to an incubator at 260 in the dark for 48
houirs. Under those coin(litions the first internode
(mesocotyl) growth wvas completely inhibited and
the coleoptile and the enclosed primary leaf grew to
the desired length of abouit 20 mm.

For the bioassay the coleoptiles were excised by
means of razor blades mounted between brass blocks
essenitially in the fashion described by Bentley (1)
and, as is customary, the apical 3 mm were discarded.
Ten segments for each treatment were transferred
into5 cm Stender preparation dishes provided with
ground glass covers, and contain,ing, in addition to
the soltution to be assayed, a 2.5 cm2 piece of What-
mani No. 1 chromatography paper. The piece of
paper was incltuded after it was fotund in other
phases of the work (12, 13) that pieces cut from
chromatograms could be tested directly, bypassing
the eltution step sometimes used in biochromato-
graphy. The lengths of the coleoptile segments were

meastured tunder 10-fold magnification after a 20
hotur inctubation period in the dark at 260. As
pointed outt before (2), in the low range of IAA
concentrations tested the floating aeration is ade-
qtlate, and conseqtuently there is no provision in the
procedure for fuirther aeration of the system.

All the results were analyzed statistically by the
usulal methods (4) and the least significance dif-
ference (LSI)) at the 5 % level is given in the
legends of figure 1 to figuire 5 for each experiment
reported.
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FIG. 1. Elongation of co!eoptile segments treated
or not with 0.02 ,xg of IAA in presence *- * or

absence * - - - - * of: A) Mn24 in the floating solu-
tioIn, or the follcNN-ing in tlle test solution, B) Mn2
C) sucrose, D) sucrose and Mn2+. The respective LSD's
in presence or absenice of additives x-ere A) 0.19 and
0.16, B) 0.19 anid 0.18, C) 0.21 and 0.15, D) 0.20 and 0.19.

Results

The results obtained by Nitsch and Nitsch (8)
in their detailed study of different factors affecting
the response of coleoptiles to IAA were generally
confirmed. Consequently, their procedure was fol-
lowed without or with minor changes. A length of
5 mm for coleoptile segments, a 3-hotur floating
period as a pretreatment for the segments, and a
buffer system at pH 4.8 at a final concentration of
0.005 M K,HPO, and 0.0025 M citric acid for the
test soltution, were adopted as a routine for all tests.
This buiffer concentration was founid adequate to
maintain the pH below 5.0 when 2.5 cm2 pieces of
paper chromatograms developed in propanol-am-
monia and air-dried for 1 hour were extracted in it.
The presence of acetate in the chromatography
solvent system makes it impossible to tuse the pres-
ent assay. The exposure of chromatograms to a
strong air current for 16 hours was insufficient to
free the paper from traces of acetate which proved
to be highly toxic to the coleoptile segments.

Study of the Factors Involved in thee Mfodification
of the Bioassay Mlethod. The results of our sttudy
of some factors previously reported (8, 11, 15) to
affect the response of coleoptile segments to IAA
were at variance with these reports. They led to
the introduction of modifications to the procedure
common to straight growth test methods.

Effect of Mn2+ and Sucrose on the Systemn. The
addition of MnSO4 at the rate of 1.0 mg/liter to
the distilled water for the 3 hour period during which
the coleoptile segments were floated had no effect
on the differential growth between the control and
IAA treated segments (fig IA). Similarly, the
typical resuilts reported in figure 1, B, C, and D,
show that the inclusion in the assay medium of 1.0
mg/liter of MnSO4 and 2 % (w/v) sucrose, either
singly or in combination had practically no effect on
the slope of the curves even if it promoted the over-
all elongation of the segments. The statistical
analysis indicates that the addition of MnI24 and of
sucrose increased the variability of the response of
the segments (fig 1). Since the sensitivity of the
test, assessed by the slope of the curves depictirng
the differential growth due to IAA was not af-
fected, and since its reliability, measured by the LSD
was adversely affected by the presence of Mn24
and sucrose, neither was inclulded in the system.

Volumiiie of Test Solution. Five quantities of
IAA ranging from 0 to 0.08 ,ug were each tested in
0.5 and 1.0 ml of buffer. The restults of these tests
which are illustratedl in figuire 2 show that the re-
sponse of the coleoptile segments to IAA was of
the same magnitude in the 2 volumes. Thev clearly
indicate that, within the limits stated, for any 1
quantity of IAA, coleoptile segment elongation is
related to the acttual amount of IAA in the soltution
independently of the concentration. The similarity
of these activity-concentration cturves (A, B, fig 2)
with that of the standard Avena curvature test sug-
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FIG. 2. IAA activity measured by (left ordinate)

elongation of coleoptile segments assayed in A) 0.5 ml,
or B ) 1.0 ml of buf fer, and by ( right ordinate ) the
standard Av.ena curvature test C). LSD for A) 0.21,
for B) 0.20, and for C) 2.2.

gested that a comparison be made between the 2
types of assay. The resilts of a culrvature test
performed according to the standard Avena ctirva-
tture test method (16) are reproduiced in figure 2, C.
They illustrate the almost perfect dtiplication of the
results (A, B, fig 2) ob)tained by the present straight
growth method.

Btit as shown in figilre 3, ctirve A, when the
elongation of the coleoptile segments is plotted
against 0.01 ug increments of IAA, a break in the
straight line between 0.02 and 0.04 ,Leg of TAA was
consistently observecl. A1Iany stibstances stich as
carbohydrates, organic acids, metallic ions, nitrate,
andl variations in the test conditionis stich as tem-
peratuire, duration, b)uf fer composition! pH, mol-
arity, wvere tested in vain to overcome the drop in
response depicted by, the break in the ctirve. The
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FIG. 3. Grow th cuirves of coleoptile segments as-

sayed in A) 1.0 mil, or B) 2.0 ml of buiffer. LSD A)
0.20, B) 0.18.

failure to explaini this drop oln metabolic groundll(s
led to the study of strictl; physical factors wN-hich
could cauise it. A slight, but constalnt, uipwvard cutrl-
ing of the coleoptile segments was observedwl-hen
more than 0.02 ,ug of IAA was presenlt in the assay
dishes. The drop in response couild be reflecting a
reduiction in the absorbing suirfaces of the segments
catused by the emergence of their encds from the
soluition. The retutrn to the almost linear response
of the segments to levels of IAA greater thani 0.04
,ug couild be explained by the constancy of the seg-
ment cuirling. The lack of proportionality betw\veen
the intensity of the curling and the concenitrationis
of IAA greater than 0.03 jig wouldl re(duice its effect
relatively to the overall elongation of the segmenits.

The obvious test for this hyp )thesis is to increase
the volume of the test soluitioin to prevent the emer-
gence of the coleoptile segmenit end(s. Since (louibling
the volume of the test soluitioln from 0.5 to 1.0 ml
had no effect on the response of the segments (fig
2), the voluime wvas inierease(d from 1.0 to 2.0 ml.
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FIG. 4. Histograms slhoNving lengths of coleoptile seg-
ments after 3-hour floating period (lhatchled sectioins),
and added elongation during 20-houir test in buffer alone
(blank sections) and in buffer plus 0.02 mg IAA (solid
sections). I-SD's for Col. A) 1, 2, 3 are 0.17, 0.17,
0.23, and for Col. B) 1, 2, 3, 0.19, 0.23, 0.29 respectively.
See text for descriptioni.
The resuilts reproduticed in figture 3, curve B, con-
firmed that the response was indepen(leint of v-oluime,
and, as postulated, indicate that the failulre of the
segments to respond linearly at ca 0.03 ,ug of 1AA
was readily overcome by increasing the v-olume of
the test soltution.

Physiological Age of the C(olcoptile, end Loca-
tiont of thc Segmt1etIt. Coleoptiles ranigniig in length
at time of excision, from 16 to 28 mm wvere separate(d
as follows: class 1, 18 mm + 2: class 2, 23 mmm 2;
class 3, 26 mm + 2.

Two segmenits from each cDleoptile were ob-
taine(l in the followingnimannier: the ap: cal 3 mm
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were discarded; the following 5 mm, (3rd to 8th
from the apex) referred to as Col. A, and the next
5 mm (8th to 13th from the apex) referred to as
Col. B, were then excised from the decapitated
coleoptiles. The 6 groups of segments, consisting
of Col. A and Col. B, obtained from each of the 3
classes, 1, 2, and 3, were floated for 3 hours in dis-
tilled water and assayed in presence or absence of
0.02 jug of IAA. The results obtained are reported in
figture 4. They show the importance of a rigid
selection of the coleoptiles, as to their length, to
obtain reproduicible results. It also appears that in
order to obtain maximum response, the coleoptiles
should not exceed 20 mm in length at the time of
excision. Another interesting feature of these re-
suilts is the response of the basal portion of the cole-
optile, Col. B, to the IAA treatment. The response
is approximately the same as the one obtained with
the apical segment, Col. A. If the basal segment
responds to IAA in a concentration range stuffi-
ciently broad to be uiseftul in qulantitative assays this
featuire wouild douible the yield of tiseable segments.
Hundreds of tests have been performed by 4 dif-

ferent operators and the results of a typical assay
reported in figure 5 show clearly that Col. B can
be used for qulantitative assays.

8.0-

E~~~~~~~0~~I-

00-

Wa IAA IN 2.0 ml TEST SOLUTION

FIG. 5. Growth curves of coleoptile segments: Col.
A) * - - - - 0 (LSD, 0.19) Col. B) g
(LSD, 0.20).

Conclusion

An attempt to improve the accuiracy of the Azvenu
coleoptile straight growth test for atuxin has led to
the development of the following procedure:

Brighton oat seeds surface-sterilized with 2 %
(w/v) Na hypochlorite soltution, rinsed in tap water
for 1 hour, and soaked in distilled water for 2 houirs.
Seeds germinated on tissue paper in distilled water
tunder red light for 20 houirs at 240 and in the (lark
for 48 hours at 260. Coleoptiles 20 mm + 2 in
length decapitated at 3 mm from apex. Two 5 mm
segments, Col. A, and Col. B excised and floated in
separate Petri dishes, for 3 hours in distilled water.

Coleoptile segments transferred in uinits of 10 to
each preparation dish containing a 2.5 cm2 piece
of chromatography paper, 2.0 ml of a 0.005 M
K9HPO4-O.0025 M citric acid buffer at pH 4.8.
Dishes incubated in the dark at 260 for 20 hoturs
and coleoptile segment lengths measured uinder lOX
magnification.

The present method retains advantageous fea-
tures common to all straight growth tests over the
standard Avena curvatture test (17): simplicity of
equipment, ease of manipulation, suitability for direct
bioassay of paper chromatograms.

Fturthermore, the uise of the present procedulre
improves the uisefulness of the common'y ulsed
straight growth tests ( 1, 2, 4, 5, 6, 8). It transforms
the straight growth test from a qualitative or semi-
quantitative test into a quiantitative one having the
high accuracy of the standard Avena cuirvatulre test.
This was achieved by determiiiing and making uise
of the relationship which exists between cell elon-
gation and IAA. As shown by the standard Avena
cturvatulre test, cell elongation is directly prop3r-
tional to the concentration of IAA. The presenitly
proposed test demonstrates that an identical rela-
tionship between cell elongation and IAA conceni-
tration exists and can be assessed tunder the condi-
tions imposed by the straight growth test method.
This is at variance with the other straight growth
tests wh ch show that cell elongation is proportional
to the logarithm of the concentration anid not to
the ccncentration of IAA.

The proposed proceduire, by permitting the uise
of two 5.0 mm segments from the same coleoptile
offers the additional advantage of douibling the
number of assays hitherto possible with a given
number of coleoptiles.
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